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摘  要 
本论文主要探索了两类功能性材料，一种是基于金属杂环化合物的光致发光
材料和太阳能电池材料；另一种是新型的纳米结构和功能化的纳米复合物。 
金属铱配合物具有高效发磷光，发射波长可调控等特点，使其在许多光学领
域中展现出了广阔的应用前景。本文发展了一种简单的、普适的方法构筑一类结
构新颖的金属铱杂多环化合物，并研究其发光性质。金属杂芳香化合物如金属苯、
金属苯炔、金属吡啶、金属呋喃等均具有芳香性。最近，本课题组首次报道一类
全新芳香体系——金属杂戊搭炔和金属杂戊搭烯，也具有芳香性。本文以金属杂
芳香化合物为基础，探究其在光电转换方面的应用。 
近年来，模板法制备纳米材料引起了广泛的重视，该方法基于模板的空间限
域作用实现对纳米材料的大小、形貌、结构等的合成控制。本文提出了一种模板
法，具有简单、重复率高、预见性好、普适性强及合成材料的大小、形貌和结构
可控等诸多优点，为开发研究新性能纳米材料提供了一条新的途径。 
本论文共分为以下六章： 
第一章为绪论，结合本论文的主要内容，简要介绍了环金属铱配合物的合成
方法及其应用，染料敏化太阳能电池和有机太阳能电池，模板法制备纳米材料。
此外，还简述了本论文的主要设想和目的。 
第二章介绍了一类新颖环金属铱配合物的合成方法。首先构筑了一系列铱杂
多环配合物，即铱杂环戊二烯并芳香环的结构，然后通过配体取代反应得到高效
磷光发射的环金属铱配合物。通过理论计算分子轨道分布，解释了 C^C 的不同
和 N^N配体的引入对于化合物发光的影响。 
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第三章探索了金属杂芳香化合物（如：金属苯的衍生物，金属杂戊搭烯的
衍生物）在太阳能电池上的应用。一方面，将金属杂芳香化合物作为染料敏化剂，
用于敏化二氧化钛纳米晶，以达到提高染料敏化太阳能电池效率为目的。另一方
面，将金属杂芳香化合物作为掺杂剂，共混于电子给体和电子受体之中，以期提
高异质结有机太阳能电池的效率。 
 
第四章以 α-环糊精和聚乙二醇为起始原料，通过原子转移自由基活性聚合
反应合成了刷子状两亲性的两嵌段共聚物（聚丙烯酸嵌段聚苯乙烯）。以聚合物
为模板，制备了具有“纳米项链”结构的半导体硒化镉、铁磁性四氧化三铁和铁
电性钛酸钡。通过高分子场自洽理论，模拟计算了“纳米项链”结构的形成机理。 
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第五章以 β-环糊精为起始原料，通过原子转移自由基活性聚合反应、准活
性格氏聚合反应以及点击反应等方法合成了星型的两嵌段共聚物（聚丙烯酸嵌段
聚 3,4-乙撑二氧噻吩）。以此共聚物为模板，制备了具有热电效应外围包裹了聚
3,4-乙撑二氧噻吩的无机半导体纳米复合材料。 
 
第六章总结了本论文的主要内容，并对后续工作进行了展望。 
 
 
 
 
 
 
关键词：环金属铱化合物；发光；金属杂芳香化合物；太阳能电池；纳米项链； 
热电材料；纳米复合材料 
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Abstract 
In this dissertation, we mainly explores two types of functional materials. One is 
focused on photoluminescence materials and solar cell materials based on 
metallacycles. The other one is concentrated on the preparation of novel 
nanostructures and functional nanocomposites. 
Iridium(III) complexes have been attracting increasing research interest because of 
their significant luminescent features, such as efficient triplet-state phosphorescence
 
and tunable emission covering the entire visible to near-infrared (NIR) region. In this 
paper, we developed an unconventional yet general strategy to synthesize stable 
iridapolycycles which can be modified via facile ligand substitution to give novel 
heteroleptic phosphorescent Ir(III) complexes with enhanced emissions. 
Metalla-aromatics are aromatic, such as metallabenzene, metallabenzyne, 
metallapyridine, and metallafuran and so on. Recently, our group synthesized the first 
aromatic metallapentalynes and metallapentalenes. In this paper, we explored the 
application of our metalla-aromatics such as metallabezene and metallapentalene 
derivatives for use in solar cells. 
In recent years, template-assisted preparation of nanostructures has attracted great 
attention, the method based on the template space confinement effect to achieve the 
control of the size, morphology, and structures. This paper presents a 
template-assisted strategy, which is simple, high reproducibility, good predictability, 
rich diversity and controllable size, shape, structure and many other advantages, and 
provides a new approach for the development of new properties of nanomaterials. 
This dissertation was divided into the following six chapters: 
In chapter 1, Classification, synthesis and application of cyclometalated Ir(III) 
complexes are briefly reviewed. Then, dye-sensitized solar cells and organic solar 
cells are also summarized concisely. In addition, synthesis of nanoparticles including 
necklace-like nanostructures via template-assisted method are introduced. The 
research objectives and plan of this dissertation are presented. 
In chapter 2, a convenient and general strategy has been developed to synthesize 
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stable iridapolycycles with high ligand substitution reactivities. Reaction of 
arylacetylenes with iridium-hydride complex [IrH(CO)Cl(PPh3)3]BF4 eventually 
results in the formation of a series of iridacyclopentadiene derivatives including 
iridaindene, naphtho-iridacyclopentadiene, pyreno-iridacyclopentadiene, and 
thieno-iridacyclopentadiene. The iridaindene was used as a metallosynthon to react 
with bipyridyl derivatives to give C^C and N^N heteroleptic luminescent Ir(III) 
complexes which display intense photoluminescence with large Stokes shifts and 
relatively long lifetimes (hundreds of nanoseconds). Density function theory 
calculation reveals that the luminescence properties can be facilely modulated by the 
C^C or N^N ligand. 
 
In chapter 3, metalla-aromatics such as metallabezene and metallapentalene 
derivatives are for use in solar cells. First, metalla-aromatics act as photosensitizers 
for use in dye-sensitized solar cell. Second, metalla-aromatics are dopped in 
P3HT/PCBM active layer as dopants for use in organic solar cell. 
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In chapter 4, we report an unconventional yet general strategy to craft a variety of 
1D nanonecklace-like nanostructures comprising uniform functional nanodisks 
periodically assembled along a stretched flexible polymer chain by capitalizing on 
judiciously designed amphiphilic worm-like diblock copolymer as nanoreactors. 
These nanostructures can be regarded as organic-inorganic shish-kebabs, in which 
nanodisk kebabs periodically situated on a stretched polymer shish. Simulations based 
on self-consistent field theory reveal that the formation of organic-inorganic 
shish-kebabs is guided by the self-assembled elongated star-like diblock copolymer 
constituents constrained on the highly stretched polymer chain. 
 
In chapter 5, a rod-coil and star-like diblock copolymer poly(acrylic 
acid)-block-poly(3,4-ethylenedioxythiophene) (PAA-b-PEDOT) as unimolecular 
micelle, composed of a hydrophilic coil-like PAA cores and densely grafted rod-like 
PEDOT side chains was successfully synthesized by a combination of atom transfer 
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